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ABSTRACT
We present a large sample of stellar rotation periods for Kepler Objects of Interest (KOIs), based on
three years of public Kepler data. These were measured by detecting periodic photometric modulation
caused by star spots, using an algorithm based on the autocorrelation function (ACF) of the light curve,
developed recently by McQuillan, Aigrain & Mazeh (2013). Of the 1919 main-sequence exoplanet hosts
analyzed, robust rotation periods were detected for 737. Comparing the detected stellar periods to
the orbital periods of the innermost planet in each system reveals a notable lack of close-in planets
around rapid rotators. It appears that only slowly spinning stars, with rotation periods longer than
5–10 days, host planets on orbits shorter than 3 days, although the mechanism(s) that lead(s) to this
is not clear.
Subject headings: stars: rotation – methods: observational – planets and satellites: dynamical evolu-
tion and stability – planetstar interactions
1. INTRODUCTION
A star-planet system has three different periods: the
planetary orbital period and the stellar and planetary
rotation periods. While the orbital period of the planet
is almost the first thing we learn about the system when
an exoplanet is discovered, the other two periods are not
so easy to observe. It is of great interest to derive at
least the stellar rotation periods for some of the known
exoplanets, and compare them statistically with the or-
bital periods. This comparison may provide an insight
into the formation and evolution of those systems.
Data from the Kepler mission are revolutionizing
the study of both exoplanets and their host stars,
with over 3000 exoplanet candidates identified to date
(Batalha et al. 2013). Kepler’s almost uninterrupted
sub-mmag precision time series photometry allows for
the derivation of precise orbital parameters from transit
fitting, and stellar rotation measurements from star spot
modulation (e.g. Basri et al. 2011; Meibom et al. 2011;
Nielsen et al. 2013). Schlaufman (2010); Hirano et al.
(2012) have used the rotation periods of exoplanet host
stars to study spin-orbit misalignment, through measure-
ment of v sin i, to study formation and evolution.
These studies all use Fourier-based methods for rota-
tion period detection, while we use an autocorrelation
function technique (ACF, McQuillan et al. 2013), which
we consider to be more robust. We applied the ACF to
1942 main-sequence KOIs and detected rotation periods
in 737 targets that were found to host exoplanets. We
then compared the rotation period to the orbital period
of the inner-most planet of each system, showing a
paucity of close-in planets around fast rotating stars.
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2. DATA
We used the list of the KOIs and their parameters
from the NASA Exoplanet Archive1 (NEA, Akeson et al.
2013) of 22nd May 2013. Targets identified as false pos-
itives by either the Kepler pipeline or the NEA were ex-
cluded, providing a final list of 2010 stars. These are
listed in Table 1, which appears in full in the online sup-
plement. The effective temperatures and surface gravi-
ties used in this work come for the Kepler Input Cata-
log (KIC) (Brown et al. 2011) or where available from
Dressing & Charbonneau (2013). For 47 stars in the
sample that are missing KIC values for log g and Teff ,
we used those provided in the NEA. These objects have
the flag ‘N’ in Table 1.
Based on the log g and Teff cut of Ciardi et al. (2011),
68 stars were identified as likely giants (flagged as ‘G’
in Table 1), and not included in this study. This leaves
1942 main-sequence targets.
The public release 14 quarter 3–14 (Q3–Q14) light
curves for these targets are publicly available and were
downloaded from the Kepler mission archive2. Q0 and
Q1 were omitted due to their short duration, and Q2
was omitted due to significant residual systematics. We
used the data corrected for instrumental systematics us-
ing PDC-MAP (Smith et al. 2012; Stumpe et al. 2012),
which removes the majority of instrumental glitches and
systematic trends using a Bayesian approach, while re-
taining most real (astrophysical) variability.
3. ROTATION PERIOD MEASUREMENT
The rotation period measurement was performed using
the autocorrelation function (ACF) technique, described
in McQuillan et al. (2013). This method measures the
1 http://exoplanetarchive.ipac.caltech.edu
2 http://archive.stsci.edu/kepler
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Fig. 1.— An example section of median normalized light curve
from KOI 805 (KIC 3734868) (top panel), and the ACF of the full
Q3-14 light curve (bottom panel). The orbital period (10.32 days)
is marked with blue dotted lines on the light curve, where the
transits are clearly visible. The detected rotation period (10.14
days) is marked on the ACF with a vertical dashed line and the
corresponding period intervals are marked on the light curve as
red vertical dashed lines. It can be clearly seen that the rotation
period detected matches the repeating flux modulations.
degree of self-similarity of the light curve over a range of
lags. In the case of rotational modulation, the repeated
spot-crossing signatures lead to ACF peaks at lags cor-
responding to the rotation period and integer multiples
of it. We adopt this method of period detection over
Fourier-based methods since the ACF has been shown
to produce clear and robust results even when the am-
plitude and phase of the photometric modulation evolve
significantly, and when systematic effects and long term
trends are present.
We preprocessed the light curves following the method
of McQuillan et al. (2013), which includes median nor-
malization of each quarter and masking the transit
events. Minor modifications to the original code mean
we now define the period as the gradient of a straight
line fit to the ACF peak positions, as a function of peak
number. Up to 4 consecutive peaks at near integer mul-
tiples of the selected ACF peak are used. This provides a
more accurate period measure and uncertainty than the
median and scatter of the peaks, which were previously
used.
We visually examined the ACF results, and any period
detected was considered robust if repeated features are
visible in the light curve at that period. For a more
detailed discussion of this process, see McQuillan et al.
(2013). An example light curve and ACF are shown in
Figure 1.
Our analysis yielded period detections in 760 targets.
A literature search and additional tests allowed us to
exclude a further 23 targets from our sample: 17 tar-
gets were listed as confirmed or likely eclipsing binaries
(EB, flag: ‘E’) (Santerne et al. 2012; Cabrera et al. 2012;
Muirhead et al. 2013; Mazeh et al. 2013). We found 4
that showed signs of binarity (secondary eclipses, eclipse
depth differences, reflection/ellipsoidal effects (flag: ‘T’).
One is a blended EB (flag: ‘B’) and the centroid motion
of one target on the Kepler CCD showed that the tran-
sits and rotation were on different targets (flag: ‘C’).
We are left with 737 period detections for the remaining
1919 main-sequence planet hosts, upon which this study
focuses.
The detected periods are between 0.9 and 62 days, and
the amplitude of the modulation, Rvar, ranges from ∼
0.18 to ∼ 64 mmags, where the range Rvar is defined as
the interval between the 5th and the 95th percentiles of
normalized flux per period bin.
4. RESULTS
The comparison of stellar rotation period, Prot, to the
orbital period, Porb, of the closest observed planet is
shown in Figure 2, with planet radius indicated by the
point sizes, and stellar effective temperature shown by
color scale. The notable feature that emerges is the
dearth of planets at short orbital periods around fast
rotating stars; only slow stellar rotators, with periods
longer than 5–10 days, have planets with periods shorter
than 3 days.
To assess the significance of this difference we
performed a two sample Anderson-Darling test
(Scholz & Stephens 1987) on the orbital period distribu-
tions for Porb ≤ 10 days, divided at Prot = 20.15 days.
This division provides an equal number of systems (216)
in each set. The p-value for the null hypothesis that
both samples come from the same distribution is 0.018.
The dashed magenta line shows a fit to the lower edge
of the distribution. This fit was obtained using points
in the region bounded by Porb ≤ 10 and Prot ≥ 3. The
lower bound on Prot removes 6 outliers which do not form
part of the main distribution of points. To find the lower
envelope we minimized a function that incorporates the
perpendicular distance between the line and points, and
uses different weights for points above and beneath the
line:
κ(c,m) =
N∑
i=1
σi
[ |yi − (c+mxi)|√
1 +m2
]
, (1)
where c and m are parameters of the line l = c+mx to
be found, and σ is defined by
σi =
{
σ−, if yi > c+mxi
σ+, if yi ≤ c+mxi . (2)
In this case, values for σ+ and σ− were selected to be
0.11 and 0.01 respectively, such that 95% of the points
are above the line.. Best fit values of c = 1.13± 0.02 and
m = −0.69±0.07 were found. We obtained uncertainties
by performing the fit using a random selection of 80% of
the points, over 1000 iterations.
The temperature scale shows that, in agreement with
field star rotation studies (e.g. Bouvier 2013), the hotter
stars display typically shorter rotation periods.
Since Figure 2 shows only the KOIs where a rotation
period was detected, we compared the distribution of
their orbital periods to those around stars without
rotation measurements (see Figure 3). It is inter-
esting to note that for the shortest orbital periods
(Porb < 2.5 days), the number of period detections and
non-detections is approximately equal, whereas at longer
orbital periods there are far more non-detections.
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Fig. 2.— Stellar rotation as a function of orbital period of the innermost planet for the 737 KOIs with measured rotation periods. Point
size scales as planet radius squared and color scales as log Teff . The magenta dashed line is a fit of the lower envelope of points (see text).
The black dashed line marks 1:1 synchronization between Porb and Prot.
TABLE 1
Stellar rotation periods for the KOIs.
KOI KIC Teff log g Rpl Porb Prot
a σp
a Rvar
a Flagb
(K) (g/cm3) (R⊕) (days) (days) (days) (mmag)
3 10748390 4766 4.59 4.68 4.888 29.472 0.134 11.75 N
12 5812701 6419 4.26 13.40 17.855 1.245 0.124 0.78 -
41 6521045 5909 4.28 1.24 6.887 24.988 2.192 0.39 -
42 8866102 6170 4.10 2.71 17.834 20.850 0.007 1.12 -
44 8845026 6250 3.50 9.61 66.468 3.792 0.907 1.16 -
Note. — This table is available in its entirety, in a machine-readable form in the online supplementary material. A portion is shown
here for guidance regarding its form and content.
a Non-detections have ‘nan’ in the Prot, σp and Rvar columns.
b Flag definitions: N - KIC values missing so NEA values used; G - likely giant; E - published EB; B - published blend; T - likely eclipsing
binary identified in this work; C - centroid motion shows transit and rotation modulation on different stars.
4.1. Caveats and Checks Performed
There are a number of caveats we considered in the
analysis. There is a potential for contamination by pe-
riodic fluctuations in the light curve caused by phenom-
ena other than rotation. Typical p-mode pulsations for
main-sequence stars have periods on the order of minutes
to a few hours (Nielsen et al. 2013), which is below the
shortest period detected in the KOI sample. The visual
examination stage of the period confirmation also allows
us to verify that the modulations appear typical of star
spots.
Another potential cause of erroneous period detections
are orbital effects (reflection, ellipsoidal variation) result-
ing from a massive planet close to the host star. This
could affect the objects located in the lower left part of
Figure 2, on the 1:1 rotation-orbit line. Most of the ex-
cluded EBs were located on this line, but those remaining
do not show conclusive signs of binarity. Visual examina-
tion of their light curves confirms the existence of a mod-
ulation distinct from any possible orbital effects (slightly
different period, evolving phase and amplitude), which is
most naturally explained as (almost) synchronous rota-
tion.
We have selected only the closest detected planet in
each system for orbital period comparison. We obviously
cannot rule out the possibility that additional undetected
planets may exist with shorter orbital periods than the
closest observed planet.
Faster rotators are more variable on transit timescales,
compared to stars with longer rotation periods. For all
except the hottest stars, as the rotation period decreases
the level of photometric variability increases. Therefore,
planets may be harder to detect around fast rotators due
to the increased activity signal which, if not effectively
removed, can be problematic for transit detection algo-
rithms. However, the detection probability of close-in
planets is higher than for those on longer orbits, due to
the larger number of transits observed in a given obser-
vation timespan, and the larger fraction of points in the
transit. Therefore, the transit detection bias affecting
fast rotators would not explain the paucity of close-in
planets around them, since planets are observed further
out around stars of the same rotation period, where they
should be harder to detect.
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Fig. 3.— Distribution of orbital periods for the 737 KOIs with
detected rotation periods (solid line) and 1182 without (dashed
line), from the 1919 main-sequence exoplanet host stars.
5. DISCUSSION
We assume that most star-planet systems start their
life in the lower-right corner of the Porb–Prot diagram,
with long orbital periods (Fortier et al. 2013) and fast ro-
tations (Bouvier 2013). In the framework of this assump-
tion, the planetary orbit of each system shrinks through
inward migration, moving to the left in Figure 2 (e.g.
Rasio & Ford 1996; Ward 1997; Fabrycky & Tremaine
2007; Lubow & Ida 2011; Fortier et al. 2013), and the
stellar rotation slows down, probably via magnetic brak-
ing operated by stellar wind, moving upwards in Fig-
ure 2 (Kawaler 1988). The efficiency of this rotational
breaking mechanism is dependent on the depth of the
convective envelope, such that the most massive stars
with very shallow convective envelopes remain fast rota-
tors throughout their main-sequence lifetimes. The mass
range (from KIC Teff using stellar evolution models of
Baraffe et al. 1998) covered in this periodic sample is 0.3
– 1.5M⊙, leading to a wide range of spin-down rates.
The details of the rotation and orbital evolution, which
depend on the physical parameters of the star, planet,
accretion disc and probably the multiplicity of the sys-
tem, determine the starting point and the track of each
system in the Porb–Prot parameter space. The ending
points of the different tracks are determined by the halt-
ing mechanism(s) of the planetary migration (Terquem
2003; Dawson & Murray-Clay 2013; Plavchan & Bilinski
2013), and the final stellar rotational period. Finally,
in the last phase of their evolution, tidal interaction for
short enough orbital periods might shift some of the sys-
tems, probably towards 1:1 spin-orbit synchronization
(Mazeh 2008; Zahn 2008). Figure 2 presents the end
product of the sample we have at hand — the Kepler
KOIs with detected stellar rotation, reflecting the final
angular-momentum status of these systems. Therefore,
the Porb–Prot diagram encodes valuable information on
the formation and evolutionary tracks of different sys-
tems.
Figure 2 indicates that only slow stellar rotators, with
periods longer than 5–10 days, host planets with peri-
ods shorter than 3 days. This unexpected state of affairs
could be a result of tidal interaction, but planetary mi-
gration and the stellar braking process could also play a
role in preventing systems from ending up in this zone of
avoidance.
One factor which could link the stellar rotation to the
orbital period of the innermost planet is the strength of
the star’s magnetic field. It can determine the radius of
the cavity of the accretion disc in the pre-main-sequence
phase, on one hand, and the angular momentum loss
rate on the main sequence, on the other hand. The
former might determine the point where the planetary
migration stops (Kley & Nelson 2012), while the latter
determines the stellar rotation evolution. However, in
its simplest form, this argument would suggest that a
larger magnetic field leads to longer orbital periods and
longer stellar rotation period, which is not what the sys-
tems in the top-left corner of Figure 2 show. The present
very short orbital periods could have been determined by
other parameters of the system, but they would still need
to be associated with the stellar angular momentum to
explain our results.
Detailed theoretical models are needed to understand
the evolution of the angular momentum of star-planet
systems (e.g. Mordasini et al. 2009). Figure 2, together
with the emerging data on the relative alignments of the
stellar rotational axis and orbital plane in many systems
(e.g. Albrecht et al. 2012, 2013), might constitute a valu-
able input for such models.
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